Abstract-Active power filters (APF) are used to improve power quality and are commonly connected in parallel with the load at the point of common coupling (PCC). They are used to compensate for harmonics from nonlinear loads, for reactive power compensation and/or balancing mains currents. This paper will investigate the effect of using an APF to improve the output power quality of a simplified synchronous generator (SSG) with distorted back-EMF. The work will further investigate the use of an APF in parallel to improve the transient response of synchronous generator without damper bars, in order to control the dynamic response from a sudden change in the connected load. Using an APF, simulation results show significant improvements in both generator output current quality and transient response to load step changes without damper bars.
I. INTRODUCTION
Active power filters (APF) have been used to improve power quality since the 1980s [1] . They are connected in parallel with the load at the point of common coupling (PCC). The main functions of the APF are compensating harmonics from nonlinear loads, balancing source currents and reactive power compensation. Shunt active power filters topologies and control algorithms have been widely discussed in the literature [2] - [5] .
The impact of harmonics on a synchronous generator will be apparent both mechanically and electrically. The mechanical effect will appear as vibration on the generator shaft with electromagnetic torque pulsation, and will shorten the lifetime of the generator. The electrical effect will result in distorted current and voltage waveforms in both stator and rotor windings and this will cause excess heating and generator losses, lowering efficiency of power conversion [6] , [7] .
Synchronous generator designs commonly use 2/3 pitch winding to decrease the harmonics of the induced back-EMF, but this also has the effect of decreasing the fundamental induced back-EMF voltage by pitch factor (k p ). Synchronous generator stators are also commonly skewed to compensate for the slot harmonics, which complicates the manufacturing process. Finally, rotor damper cages are used to improve the dynamic performance of synchronous generators, however the damper cage reduces the effective pole area and field, introduces significant extra cost and complexity to the rotor manufacturing process and will cause rotor heating if harmonics are present in the generator. This paper will examine firstly the effect of connecting an APF in parallel to a simplified synchronous generator (SSG) with distorted back-EMF due to an unskewed stator with a full pitch winding. The APF will be used to improve the power quality supplied to the load if the load is linear or compensate load harmonics if the load in nonlinear. The second part of this work will investigate the improvement of transient stability of the proposed generator without damper bars and APF during a rapid change in connected load.
II. SYSTEM CONFIGURATION The proposed system is a three-phase four wire system consisting of a simplified synchronous generator (SSG), four leg active power filter (APF), interface L-filter and a load, which may be linear or nonlinear, and balanced or unbalanced as shown in Fig.1 . 
A. The Proposed Generator
The proposed generator is based on a standard commercial 72.5 KV A wound field synchronous generator, with modifica-tions made to the stator in order to simplify the manufacturing process and increase the generator capacity. That commercial generator has a 2/3 pitch winding with a skewed stator, while the proposed form uses a skewless stator with a fully pitched winding and is shown in Fig.2 . In the proposed generator the neutral wire is removed to prevent triplen current harmonics from reaching the load. A load side neutral will be supplied from the converter (APF). According to [8] , the fundamental back-EMF of the SG can be written as:
where f is the induced voltage frequency, k d is the distribution factor, k p is the pitch factor, N is the number of turns and Φ pole is the flux per pole. Due to the increased pitch factor the back-EMF voltage of the proposed generator will be higher about 15% than the standard generator at the same flux density. Fig.3 shows the open circuit test curve for both the standard and the proposed modified generator from 2DFEA modelling, along with datasheet values for the standard generator. As can be seen from Fig.3for the same fundamental output voltage the field current can be reduced from 15 A in the standard generator to 11.2 A in the proposed generator, if the power quality can be maintained. (2) and (3) respectively.
(2)
In this model, the effects of saturation were neglected and the field current was assumed to be constant. 
C. Speed controller and diesel engine dynamic model
When considering transient behaviour and damping, a model of the mechanical system driving the generator is required. The speed loop controller consists of a regulator, diesel engine transfer function (to represent throttle actuator and engine delay) and the mechanical equation of a synchronous generator (we assume the damping coefficient is equal to zero) and the developed electromagnetic equations are given in (4) and (5) respectively.
T e = 3 2 The harmonic compensation process can be divided into three stages. The first stage is calculating the voltage phase angle at the point of common coupling (PCC) by Dual Second Order Generalised Integrator (DSOGI-PLL) [10] . The second stage is extracting the reference currents which are the currents that should be injected at the PCC to compensate current harmonics, and this done in the simulation by the synchronous reference frame (SRF) d-q technique [11] as illustrated in (6) to (9) .
Where M the transformation matrix The last stage is calculating the APF reference voltages that needed to inject the reference currents into the PCC, and the technique was used in the simulation is a synchronous reference frame PI controller (SRF-PI) with decoupling between direct-axis and quadrature-axis components (d and q) as given in in (10) and (11) . 
Simulation Results
This simulation was carried out for the system in Fig.1 with interface filter (5 mH) and three different load types: Linear, balanced nonlinear and unbalanced nonlinear load. All three tests used a constant field current and generator speed. The simulation was done for 2 sec, and the APF enabled at t = 0.5 sec. The current waveforms of the generator, load, and APF were analysed.
1) Balanced Linear Load:
In this simulation a linear load was connected to the generator (36 kW ) at rated voltage 400 V line to line. The output generator current, load current and filter current are show in Fig. 8 .With the APF in operation, the total harmonic distortion (THD) of the load currents is reduced from 3.3% to around 2.5%. 2) Balanced Non-Linear Load: To simulate a nonlinear balanced load a three phase diode bridge and RL load was connected to the generator. When the APF was switched on the THD in the generator current decreased from 12.5% before switching APF on to 5.2% after switching APF on. Fig 9  shows the generator, the load and the filter before and after the compensation. 
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3) Unbalanced Non-Linear Load:
In this simulation a single phase diode bridge is added to the previous simulation and connected between phase A and the fourth leg of the converter (neutral point). As can be seen from Fig. 10 the APF decreased THD in the generator current to 12.5% to 5.5% and supplied the single phase load when it was connected.
IV. IMPROVING TRANSIENT RESPONSE OF SG WITHOUT DAMPER BARS
The damper bars in a SG improve dynamic stability during load perturbation by damping the oscillation in SG response. When there is a sudden change in SG load, the SG speed will drift from the synchronous speed. This change in synchronous speed induces currents in the damper bar circuit and these currents produce torque which acts to drive the rotor towards synchronous speed. When the SG does not have damper bars, sudden changes in load will cause more fluctuation in SG speed and load angle and can potentially lead to SG desynchronization with the grid and pullout. To decrease the effect of sudden load changes on a SG without damper bars, As can be seen from Fig.11 , when the load is connected to the generator, the APF will supply the transient current component leaving the SG current and the electromagnetic torque to increase gradually, and when the generator load becomes equal to load current, the APF current drops to zero. When the load is disconnected, the APF will absorb the transient generator current component allowing the generator current and electromagnetic torque to decrease gradually until it equals the load current.
Simulation Results
An exciter model (IEEE type-1) ) was used to maintain the output voltage constant during load changes. The simulation period was 6sec, the generator is started with a RL load (R = 5 Ω, L = 2.5 mH). At time t = 1.5 sec the load was doubled and at time t = 3sec the load was returned back to the initial value. Fig. 12 , shows a comparison between the proposed SSG with and without damper bars for speed fluctuation during a sudden change in load as described. As Fig. 12 , shows, the disturbance in the generator speed was increased when damper bars were not present (as expected), but when the APF was connected the speed disturbance became much smaller even than that of the SSG with damper bars. In addition the transient electromagnetic torque was reduced when the APF was connected as can be seen from The effect of adding an active power filter in parallel with a simplified synchronous generator has been investigated. The APF can be integrated with a simplified synchronous generator to improve its performance and supply good quality power from a simple generator with a poor quality output waveform at the point of common coupling (PCC). This allows the use of simplified generators with reduced complexity and manufacturing cost without compromising the quality of power delivered to the load.
In addition, it has been shown that the APF can be used to improve the transient stability of a synchronous generator without damper bars, giving improved stability compared to systems using damper bars while also allowing for a significant simplification of the rotor design and construction and improving the rotor magnetic circuit.
The work in this paper is currently undergoing experimental validation using a commercial synchronous generator, modified to include a full pitch wound skewless stator.
